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57 ABSTRACT 
A thin film device such as an amorphous thin film solar 
battery is easily made with high integration by use of 
metal-diffused regions in the thin film as an electrical 
connection region across the thickness of the thin film. 
By use of such metal-diffused regions 24, 24 . . . for 
connection between transparent stripe shaped elec 
trodes 21", 21'. . . disposed between glass substrate 20 
and amorphous silicon thin film 23 and stripe shaped 
metal electrodes 25, 25. . . on the top surface of the thin 
film 23, series connected solar battery cells can be made 
with a small number of process steps. 

2 Claims, 14 Drawing Figures 
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1. 

METHOD OF MAKING THIN FLM DEVICE 

This is a continuation of application Ser. No. 418,002, 
filed Sept. 14, 1982, which was abandoned upon the 
filing hereof. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a method of making 

a thin film device comprising a thin film, such as an 
amorphous silicon thin film, on a substrate. The present 
invention is suitable for a device wherein active or inac 
tive devices on the substrate are disposed in one or 
other states for integration and extension. More particu 
larly, the present invention is suitable in an amorphous 
type silicon solar battery wherein many element batter 
ies are series connected. 

2. Description of the Prior Art 
As is hitherto known, integrated circuits are made by 

integration of diodes, transistors, etc. on a single crystal 
line silicon substrate, but their problem has been their 
high prices since thay are of 2-dimensional construction 
on expensive silicon single crystalline substrates in 
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which very shallow surface parts only have been uti- 25 
lized. In recent years, in order to improve integration of 
the semiconductor devices, various proposals have been 
made. Among such proposals, a three-dimensional cir 
cuit construction has been proposed. One example of 
such proposed construction is to bore openings through 
an epitaxially grown single crystalline layer and vapor 
deposit thereon so as to make a contact with the under 
lying electrode or layer. But the method is not easy, and 
has not been brought into actual use because of its hav 
ing many troublesome steps. 
On the other hand, a thin film solar battery which has 

an opto-electronic conversion thin film on a substrate is 
exemplified by the amorphous silicon solar battery, 
wherein many unit cells are series connected on the 
substrate as shown by FIG. 1(a), which is a schematic 
perspective view of a conventional series connected 
solar battery. In FIG. 1(a), several first electrodes 2 of 
a transparent conductive film with a predetermined 
pattern are formed on a transparent substrate 1. A thin 
film 3 consisting of amorphous silicon layers of known 
P-I-Nstructure of strip shape is formed on each of the 
first electrodes 2. A second electrode 4 is formed on 
each of the thin films and on the laterally extended part 
of the first electrode 2 of the next cell. In this conven 
tional device, the front end parts 5 of FIG. 1(a) consti 
tute series connections, where each first electrode, a 
second electrode disposed thereover and a thin film 
inbetween forms one solar battery cell; and each first 
electrode 2 is connected to the second electrode 4 of the 
next cell at the front end portions, thereby making series 
connections of the solar battery cells. With the con 
struction as shown in FIG. 1(a), when the size of the 
device becomes large and therefore the length 1 of each 
of their film devices becomes large, then the average 
length of the current path becomes long, thereby in 
creasing the series resistance of the overall device. 
Another exemplary conventional device is shown in 

FIG. 1(b), wherein strip shaped and parallel disposed 
transparent first electrodes 7 are formed on a transpar 
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2 
The first electrode 7 and the second electrodes 9 are 
formed and connected as follows: Each first electrode 7 
extends slightly leftward for all of its length beyond the 
coverage by the corresponding thin film 8 thereon. 
Each thin film 8 is formed slightly rightward beyond 
the right end of the first electrode 7 thereby to touch the 
substrate 6. Each second electrode 9 extends slightly 
rightward for all of its length beyond the area over the 
corresponding thin film 8 thereunder. Thereby each 
second electrode 9 is connected with its right end por 
tion to the left end portion part of the first electrode 7 of 
the next rightward cell, thereby making series connec 
tion of all the cells on the substrate, each along its whole 
length. Therefore, in this conventional device of FIG. 
1(b), even though the length of the individual devices 
becomes large, this does not increase the current path. 
However, in this example, since the amorphous silicon 
is deposited by glow discharge in a relatively low vac 
uum of about 1 Torr, the discharge is disturbed by the 
pattern mask for forming the thin film amorphous sili 
con film in discrete strip shapes. Therefore, the preci 
sion of the thin film pattern is not sufficietnly high, 
thereby requiring a considerable area for isolating 
neighboring unit cells, and utility of the substrate area is 
limited. The problem of this prior art device is the ne 
cessity of a precise mask pattern for forming the amor 
phous silicon thin films, which is troublesome. 

SUMMARY OF THE INVENTION 

Therefore, the purpose of the present invention is to 
provide a novel structure and method of making a thin 
film device, wherein diffused regions are effectively 
used as conductors to connect selected parts of first 
electrodes which are between the substrate and a thin 
film with selected parts of second electrodes which are 
on the thin film. 
A thin film device in accordance with the present 

invention comprises 
a substrate, 
first electrode means of a predetermined pattern 

formed on the substrate, 
a thin film of a predetermined pattern formed on 

selected parts of the first electrode means and exposed 
parts of the substrate, the thin film having at least a 
diffused region contacting at least a part of the first 
electrode means, 
a second electrode means of a predetermined pattern 

formed on selected parts of the thin film contacting the 
upper end of the diffused region, the diffused region 
thereby connecting the first electrode means and the 
second electrode means thereby. 
The method of making a thin film device in accor 

dance with the present invention comprises the steps of: 
forming a first electrode means of a predetermined 

pattern on a substrate, 
forming a thin film on selected parts of the first elec 

trode means and exposed parts of the substrate, 
forming metal for diffusion source of a predetermined 

pattern on either face of the thin film, 
diffusing the metal into the thin film to form at least a 

diffused region, 

ent substrate 6, thin films 8 of amorphous silicon of 65 
P-I-N layer structure of strip shaped pattern are dis 
posed on the transparent first electrode 7, and further 
thereon strip shaped second electrodes 9 are formed. 

forming a second electrode means on the thin films 
and exposed parts of the substrate (11, 20) and 

thereby making the diffused region connect at least a 
part of the first electrode means and at least a part of the 
second electrode means. 
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BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1(a) and FIG. 1(b) are perspective views of 
exemplary conventional solar batteries. 
FIG. 2(a), FIG. 2(b) and FIG. 2(c) are perspective 

views showing the steps of making a first example em 
bodying the present invention. 
FIG. 3(a), FIG. 3(b), FIG. 3(c) and FIG. 3(d) are 

sectional views and FIG.3(e) is a schematic perspective 
view respectively, of a second example embodying the 
present invention. 
FIG. 4(a), FIG. 4(b), FIG. 4(c) and FIG. 4(d) are 

sectional views of a third example. 
In all figures, thicknesses of various parts, especially 

of the thin film, are drawn enlarged for clarity of illus 
tration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Detailed description of the present invention is given 
hereinafter in reference to FIG. 2(a) and thereafter. 
FIG. 2(a), FIG.2(b) and FIG. 2(c) show the principle 

of the present invention, wherein the lower electrodes 
12, 12 and the upper electrodes 14, 16 are disposed on 
both faces of the thin film 13 and connected through the 
thin film 13 by diffused regions 13 of high conductivity. 
For instance, the diffused region 13' is formed by diffu 
sion of metal such as Al. As the thin film, a film or layer 
of single crystalline, polycrystalline or amorphous semi 
conductor or combinations thereof may be used. The 
semiconductor may be Sior GaAs or mixed compounds 
thereof. As the metal to be diffused into the thin film, 
Al, Zn, Sb, etc. may be used. 
An exemplary device is elucidated in reference to 

FIG. 2(a) to FIG. 2(c). 
First, a cleaned glass sheet 11 is prepared as a sub 

strate, and thereon, Al electrodes 12, 12 are formed by 
vapor deposition as shown in FIG. 2(a). Then by de 
composition of SiH4 in a glow discharge, amorphous 
silicon film 13 is continuously formed over the elec 
trodes 13 and the exposed face of the substrate 11, in a 
manner so as not to cover bonding portions 12", 12 of 
the electrodes 12-12. The deposition of the amorphous 
silicon film is carried out by a glow discharge process 
while keeping the substrate at a temperature of between 
180° C. and 300".C. in a vacuum of 0.2-2 Torr. For 
instance, a 5000 A thick film is formed in 30 minutes 
duration. During this process, aluminum of the Al elec 
trodes 12, 12 at the portion covered by the amorphous 
silicon film 13 diffuses into the amorphous silicon film 
13, and the diffusion front penetrates the film to the 
upper face, thereby forming Al diffused regions S131', 
13' . . . . The thickness of the aluminum film deposited 
as the diffusion source should preferably be at least 
comparable to that of the thickness of the amorphous 
thin film to be deposited thereon. Thereafter, second 
electrodes 14, 16 are vapor deposited so as to face the 
first electrodes 12, 12 with the thin film 13 in between. 
The measured resistances between the lower electrode 
terminal 15 and the upper electrode terminal 16 there 
over, and between the lower electrode terminal 17 and 
the upper electrode terminal 14 thereover are less than 
10 Ocm, and these values are far less than known values 
of about 109 (2cm of conventional amorphous silicon. 
Provided that the thickness of the thin film is about 5000 
A, then its actual resistance becomes 1032 or lower, 
which is sufficiently small for the electric connection in 
the direction of thickness. 
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4. 
As the metal of the diffusion metal source under the 

thin film 13, Au, In, Pd, or Pt may be used instead of Al. 
When Al is used as the diffusion metal source, selec 

tive portions of the surface of Al may be oxidized so as 
to prevent diffusion therefrom in order to limit the area 
or obtain a desired pattern of the diffused region 13'. 
By using the process of the present invention, vertical 

connection by the diffused region(s) 13' can be made 
through any type of thin film, for example, semiconduc 
tor thin films consisting of P--N layers; thereby a con 
plicated circuit structure can be accomplished. 
A concrete embodiment of a thin film solar battery 

embodying the present invention is elucidated referring 
to FIG. 3(a) to FIG. 3(d), which are sectional views 
showing the steps of making a thin film solar battery of 
the present invention, and FIG.3(e), which is a perspec 
tive view of the completed thin film solar battery. 

First, a cleaned glass sheet 20 is prepared as a sub 
strate, and thereon a transparent electrode 21, for in 
stance an SnO2 film, is formed on almost all of the sur 
face of the cleaned glass substrate 20 by a known vapor 
deposition method, as shown in FIG.3(a). 
Then the transparent electrode 21 is etched by known 

method to form stripe shaped electrodes 21", 21" . . . 
disposed parallelly with predetermined spaces 20, 20., 
... inbetween. 

Thereafter, as shown in FIG.3(b), Al stripes 22, 22. 
... as diffusion metal sources are disposed each contact 
ing one end of each electrode 21" by means of a known 
vapor deposition method. The figures are drawn en 
larged in the vertical direction in order to clearly show 
the configuration. The forming of the Al 22 in the stripe 
shape may be made by any known suitable method, 
such as vapor deposition using a stripe pattern mask 
(not shown) or vapor deposition on substantially all the 
face of the above-processed substrate, followed by pho 
tolithographic etching to make the stripe shaped pattern 
of Al. Thereafter, a semiconductor thin film, for in 
stance, an amorphous silicon thin film 23 of P-I-Nstruc 
ture is formed continuously on substantially the entire 
face of the substrate, as shown in FIG. 3(c). The amor 
phous silicon thin film 23 is formed by a known method, 
such as decomposition of SiH4 by glow discharge. 
The deposition of the amorphous silicon is carried out 

by a glow discharge process while keeping the substrate 
at a temperature of between 180° C. and 300°C. in a 
vacuum of 0.2-2 Torr. For instance, 5000A thick film is 
formed in 30 minutes duration. During this process of 
depositing the amorphous silicon film, aluminum of the 
diffusion source 22 covered by the amorphous silicon 
film 23 diffuses into the amorphous silicon film 23, and 
the diffusion front penetrates the film to the upper face, 
thereby forming Al diffused regions 24, 24 ... as shown 
in FIG. 3(c). Each Al diffused region 24 is formed to 
contact the right end of each first electrode 21". The 
thickness of the aluminum film deposited as the diffu 
sion source should preferably be at least comparable to 
that of the thickness of the amorphous thin film to be 
deposited thereon. 

Thereafter, second electrodes 25, 25 of a suitable 
metal such as aluminum are vapor deposited in stripe 
shape so as to almost face the first electrodes 21", 21'.. 
... with the thin film 23 inbetween as shown in FIG. 3(d). 
Each second electrode 25 is formed to contact at its left 
end the top surface of the diffused region 24. Each pair 
constituted by a lower electrode 21" and an upper elec 
trode 25 thereover with the amorphous silicon film 23 
inbetween form one cell of the solar battery. The solar 
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battery cells are series connected by the connection of 
the right ends of the lower electrodes 21' via the dif 
fused region 24 to the left ends of the upper electrode 25 
of the next solar battery cells. When the thickness of the 
thin film is about 5000 A, the resistance between the 
lower electrode 21" and the upper electrode for each 
cell is about 10-30 or lower, which is sufficiently small 
for the electric connection in the direction of thickness. 
As the metal of the lower and upper electrodes, Au, 

In, Pd, or Pt may be used instead of Al. 
Finally, lead out wires 26 and 27 of gold or the like 

are connected to the upper electrodes of both ends, as 
shown in FIG. 3(d), and a solar battery as shown in 
FIG. 3(e) is finished. 

Instead of forming the pattern of diffusion source 
metal prior to forming the thin film 23 of semiconduc 
tor, an other way may be employed, such as that shown 
in FIG. 4(a) and (b), wherein the diffusion source metal 
stripes 22, 22"... are vapor deposited on the semicond 
cutor thin film 23, and thereafter the diffusion source 
metal stripes 22, 22" . . . are irradiated by a laser beam 
or similar type energy beam thereby to heat them and 
make them diffuse into the thin film 23 to form the 
diffused conductive layer 24 as shown in FIG. 4(c). The 
final steps, that is forming of the second or upper elec 
trodes 25, 25 . . . and the lead out wires 26 and 27, are 
substantially the same as that of preceding example 
shown in FIG. 3(a) to FIG. 3(d). 

Still another method is that wherein the aluminum 
stripes 22, 22. . . are vapor deposited on predetermined 
positions on the semiconductor thin film, such as amor 
phous silicon thin film 23, during the period when the 
substrate temperature is kept raised so as to diffuse the 
aluminum simultaneously with depositing thereof. 

Still another method is that wherein the aluminum 
stripes 22, 22... are vapor deposited on predetermined 
positions on the semiconductor thin film, such as amor 
phous silicon thin film 23, after the substrate tempera 
ture is lowered substantially to room temperature, and 
thereafter the substrate temperature is raised thereby to 
diffuse the aluminum. After the substrate temperature is 
lowered the second or upper electrodes 25, 25. . . are 
formed thereon. 
By use of the present invention, series connection 

along the lengths of its unit cells on a solar battery 
device is very easily attained without use of compli 
cated masks or a plurality of photolithographic pro 
cesses and therefore, conductivity of the series connec 
tion is satisfactory. Further, by dispensing with the 
photoresist mask, time-dependent deterioration due to 
possible pin-holes in such masks is avoided, and accord 
ingly the production yield is much improved. Besides, 
since the reliability and connection conductivity of the 
diffused regions to the electrodes are satisfactory, a 
moderate width of the diffused region suffices for the 
connection, and therefore, the width W of unit cell or 
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6 
element of the device can be made smaller than the 
conventional device such as of FIG. 1(a) or FIG. 1(b). 
Therefore higher integration can be attainable accord 
ing to the present invention. 
What is claimed is: 
1. A method for forming an array of series-connected 

thin film devices comprising the steps of: 
forming a plurality of spaced apart conductive first 

electrodes on an insulative substrate, 
forming a corresponding plurality of diffusion metal 

sources each of which is in contact with a respec 
tive one of said first electrodes, selective portions 
of the surface of said diffusion metal sources being 
oxidized to selectively prevent diffusion therefrom, 

forming a thin film of semiconductive material on 
said conductive first electrodes and insulative sub 
Strate, 

diffusing metal from each of said diffusion metal 
sources into said thin film thereby to produce dif 
fused regions in said thin film at the same time as 
said forming of said thin film in a manner such that 
said diffused regions reach the remote surface of 
said thin film during said forming of said thin film, 
and 

forming a plurality of spaced apart conductive sec 
ond electrodes on the surface of said thin film and 
said diffused regions, 

thereby forming electrical connections between said 
first electrodes and said second electrodes. 

2. A method for forming an array of series-connected 
thin film devices comprising the steps of: 
forming a plurality of spaced apart conductive first 

electrodes on an insulative substrate, 
forming a corresponding plurality of diffusion metal 

sources each of which is in contact with a respec 
tive one of said first electrodes, each of said diffu 
sion metal sources being an evaporated aluminum 
film whose surface is selectively oxidized to selec 
tively prevent diffusion therefrom, 

forming a thin film of amorphous silicon on said con 
ductive first electrodes and insulative substrate, 

diffusing aluminum from each of said aluminum diffu 
sion sources into said thin film thereby to produce 
diffused regions in said thin film at the same time as 
said forming of said thin film in a manner such that 
said diffused regions reach the remote surface of 
said thin film during said forming of said thin film 
while keeping said insulative substrate at a temper 
ature of between 180' and 300 C., and 

forming a plurality of spaced apart conductive sec 
ond electrodes on the surface of said thin film and 
said diffused regions, 

thereby forming electrical connections between said 
first electrodes and said second electrodes. 
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